Spontaneous emission is a prime example of the action of vacuum fluctuations on physically measurable processes. By that it is clear that first of all one has to understand what the vacuum in the presence of an absorbing dielectric is. Obviously, it cannot be a purely electromagnetic vacuum, because of the interaction of the photon field with the matter constituents forming the dielectric. Hence, a causal quantum theory of the electromagnetic field in absorbing dielectrics is needed, which should be consistent with the dissipation-fluctuation theorem and yield the fundamental (equal-time) QED commutation relations. 
j(r,w) = w / s t ( r , w )
where Gkk,(r,r',w) is the Green tensor of the classical problem and &,U) is the operator noise current introduced into the macroscopic Maxwell equations as a noise polarization, in accordance with the dissipation-fluct,uation theorem. The operator noise current is related to bosonic fields as the basic quantities of the theory, i.e., (e,(r,w) , imaginary part of the permittivity). It can be shown 111 that the quantization scheme leads to the correct QED commutation relations for arbitrary linear Kramers-Kronig dielectrics. The Hamiltonian of the system is then diagonal in the basic fields. Since these variables contain the photonic variables as well as the matter and reservoir variables, the vacuum is a dielectric-assisted vacuum. Obviously, it will modify the spontaneous decay rate of an excited atom surrounded by a dielectric, compared with the rate of spontaneous emission in free space which reads as where w~ is the transition frequency of the atom and p its transition dipole matrix element. In order to calculatc the modified ratc, we first note that the electric and magnetic fields can be expressed in terms of vector and scalar potentials for which we choose a gauge such that the scalar potential is set equal to aero. Hence, transverse and longitudinal electric fields are obtained from the vector potential A(r) = A(+](r) + A(-)(r) with Coupling an external two-state atom at position rA to the system and treating its interaction with the electromagnetic field in dipole and rotating wave approximations leads to the Hamiltonian with the atomic opcrators A,, = la)(a'I, la) being the energy eigenstates of the atom. In Markov approximation the equations of motions for the atomic quantities can be written as 8) is valid for all geometries of the dielectrit. Inserting the free-space Green function leads exactly to the result (3). For an atom surrounded by a dielectric the problem is to calculate the Green tensor for the dielectric disturbed by the small free-space inhomogeneity at the position of the atom. There are typically two different ways to proceed. One way is to relate the imaginary part of the Green tensor to the vacuum expectation value of a product of electric field operators and introduce a local field on the basis of a (Clausius-Mosotti) virtual cavity model (for details, see [Z]). The other way is to cut a real cavity out of the dielectric and place the atom inside it, say at the center of a sphere of radius R. The Green tensor for that problem is well known [3] and can be given as a sum of the (free-space) Green function (with vanishing imaginary part of the longitudinal Green function) and a purely transverse tensor function which ensures the corrert boundary conditions at the cavity walls. The imaginary part of it at the atomic position r A reads as Since we are interested in a small cavity radius comparcd to the transition wavelength, we expand
C y ( R , w A ) ,
insert the result into Eqs. (9) and (8) and obtain for the spontaneous decay rate up to O(R)
One observes a strong radius dependence of the decay rate. The term -R-3 describes non-radiative.energy transfer between t,he atom and the surrounding dielectric, whereas the -R-' term is typical for the retardation zone. For atomic transition frequencies that are sufficiently far from the absorption bands of the medium where the imaginary part of the permittivity may be disregarded, i.e. €,(U) = 0, we recover the familiar result of Glauber and To conclude, we have computed the spontaneous decay rate of an atom placed inside an absorbing dielectric adopting the real cavity model. The calculations are performed applying a quantization schcme which is causal and fully consistent with the dissipation-fluctuation theorem. We have startcd with a full electric field operator and found that the decay rate contains only contributions from the transverse field and sensitively depends on the cavity radius -results that contradicts early results derived on the basic of heuristic introduction of local-field correction factors [5] .
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